Objective: The present study aims to explore the effect of zinc supplementation on lipid peroxidation and lactate levels in rats having diabetes induced by streptozotocin and subjected to acute swimming exercise Method: A total of 80 adult male rats of Sprague-Dawley type were equally allocated to 8 groups: Group 1, general control. Group 2, zinc-supplemented group. Group 3, zinc-supplemented, diabetic group. Group 4, swimming control group. Group 5, zinc-supplemented swimming group. Group 6, zinc-supplemented diabetic swimming group. Group 7, diabetic swimming group. Group 8, diabetic group. At the end of the 4-week study, blood samples were collected to determine MDA, GSH, GPx, SOD, lactate and zinc levels. Results: The highest MDA values were found in group 7 and 8 (p<0.001). GSH values in groups 5 and 6 were higher (p<0.001). The highest GPx values were established in groups 2, 5 and 6 (p<0.001). SOD values were the highest in groups 5 and 6 (p<0.001) and lowest in groups 2, 3 and 8 (p<0.001). The highest plasma lactate levels were found in group 7 (p<0.001). The highest zinc levels were obtained in groups 1, 2 and 5 (p<0.001), and the lowest zinc levels were found in groups 7 and 8 (p<0.001). Conclusion: Results of the study reveal that zinc supplementation prevents the increase in free radical formation, suppression of antioxidant activity and muscle exhaustion, all of which result from diabetes and acute exercise. Zinc supplementation may contribute to health and performance in diabetes and acute exercise (Tab. 2, Fig. 1 Ref. 47). Full Text in PDF www.elis.sk.
Diabetes Mellitus is a chronic metabolic disease, characterized by hyperglycemia, as well as insuffi cient or ineffective secretion of endogenous insulin (1) . Type 1 diabetes arises from severe damage to pancreatic cells and frequently results in insulin dependence. The major mechanism believed to contribute to beta cell damage is oxidative stress. Hydroxyl free radicals stimulated by hyperglycemia and various free radicals including reactive oxygen species (ROS) are responsible for the destruction of pancreas beta cells as a result of oxidative stress. Therefore, studies about the treatment and prevention of diabetes have dealt with not only conditions involving oxidative stress, but also prevention with antioxidants (2) .
The relationship between zinc, and pancreas and insulin has been known for a long time. Zinc is found in beta and alpha cells of the pancreas. It has been argued that zinc plays a role in the production, storage and secretion of insulin in beta cells in particular (3) .
Zinc, which plays a critical role in many events, including endocrinology and the immune system in particular, is well-tolerated at the recommended doses (4) . Among the main functions of zinc is its antioxidant role and involvement in the antioxidant defense system. Zinc exerts its antioxidant effect through two mechanisms. Firstly, redox-stable zinc substitutes for redox-reactive materials like iron and copper in critical cellular and extracellular regions. Secondly, it induces the synthesis of metallothioneins, which are sulphydryl-rich proteins protective against free radicals (4, 5) .
Regular exercise and physical activity are also accepted to have a protective effect against cardiovascular diseases and mortality (6) . Accordingly, exercise is strongly recommended to diabetic patients (7) . However, it was also reported that muscle exercises led to an increase in the production of radicals and other reactive oxygen species (8) .
Despite all these, there is not enough information pertinent to pros and cons of acute and chronic exercise associated with oxidative stress in groups with enhanced susceptibility to oxidative stress, like diabetic patients (9) .
The present study aimed to explore the effect of zinc supplementation on lipid peroxidation, antioxidant capacity and lactate levels in rats which had diabetes induced by streptozotocin and were subjected to acute swimming exercise.
Materials and methods

Animal material and groups
The present study was conducted at the Experimental Animals Unit of Selcuk University, Faculty of Veterinary Medicine (KonyaTurkey), using 80 Spraque-Dawley type adult (4-6 month-old and weighing 200-250 g) male rats obtained from the Experimental Medicine Application and Research Centre of Mediterranean University (Antalya-Turkey). The study protocol was approved by the local ethics committee.
The animals used in the study were equally divided into 8 groups:
Group 1, (n=10) General Control Group: The group which was fed on normal diet and was not subjected to any procedure.
Group 2, (n=10) Zinc-Supplemented Control Group: The group which was fed on normal diet, and additionally supplemented with 6 mg/kg/day intraperitoneal zinc sulfate for 4 weeks.
Group 3, (n=10) Zinc-Supplemented Diabetic Control Group: The group which was supplemented with 6 mg/kg/day intraperitoneal zinc sulfate for 4 weeks after the inducement of diabetes by subcutaneous "40 mg/kg" streptozotocin (STZ) administration.
Group 4, (n=10) Swimming Control Group: The group which was fed on normal diet and subjected to acute swimming exercise for 30 minutes.
Group 5, (n=10) Zinc-Supplemented Swimming Group: The group which was fed on normal diet, supplemented with 6 mg/kg/ day intraperitoneal zinc sulfate for 4 weeks and subjected to acute swimming exercise for 30 minutes.
Group 6, (n=10) Zinc-Supplemented Diabetic Swimming Group: The group in which diabetes was induced with subcutaneous "40 mg/kg" streptozotocin (STZ), and which, thereafter, was supplemented with 6 mg/kg/day intraperitoneal zinc sulfate for 4 weeks and subjected to acute swimming exercise for 30 minutes.
Group 7, (n=10) Diabetic Swimming Group: The group in which diabetes was induced with subcutaneous "40 mg/kg" streptozotocin (STZ), and which was subjected to acute swimming exercise for 30 minutes.
Group 8, (n=10) Diabetes Group: The group in which diabetes was induced with subcutaneous "40 mg/kg" streptozotocin (STZ).
Experimental Animals
The experimental animals were fed in special steel cages, which were washed and cleaned daily. The feed was given in special steel feeding bowls and water (usual tap water) in glass feeding bottles. The animals were kept in an environment which had 12 hour dark/12 hour light cycles and standard room temperature (21±1 °C). All injections were given between 09.00 and 10.00 in the morning. After diabetes was induced, the animals were immediately put on i.p. zinc sulphate for 4 weeks. Following the end of 4-week procedures, blood samples to be used in the analyses were collected from all animals by decapitation at 09.00 -10.00 a.m. The collected samples were kept at -80 °C until the analysis time.
Experimental procedures Inducement of diabetes in experimental animals
In order to induce diabetes, 40 rats were set aside as diabetic groups. The rats were injected with 40 mg/kg intraperitoneal streptozotocin (STZ) "Sigma, S-0130". The injections were repeated at the same dose after 24 hours. Six days after the last injection, blood glucose levels of the animals were measured from the tail vein, using a diagnostic glucose kit. Animals whose blood glucose was at or above 300 mg/dlt were considered diabetic (10) . As there was no mortality in diabetes-induced animals, group numbers remained unchanged.
Zinc sulfate supplementation
After being dissolved in distilled water, in 0.5 ml serum physiologic 6 mg/kg/day zinc sulfate was supplemented by intraperitoneal injection. Zinc sulfate supplementation was repeated for 4 weeks at around the same hour (09.00 a.m.).
Swimming exercise
The exercise was performed in a heat-resistant, glass swimming pool which was 50 cm in depth and width, and had a thermostat to keep the temperature fi xed at 37 °C. Exercises were performed only once for 30 minutes, 24 hours after the end of zinc sulphate supplementations. After the experimental animals were made to swim in pairs, their blood samples were collected by decapitation for analysis. From the blood sample of each animal, a volume of 2 ml was put into two tubes each, one with EDTA. The samples were centrifuged at 3000 rotation (rpm) for 10 minutes to separate plasma and serum.
Biochemical analyses Plasma MDA (malondialdehyde) measurements
Although MDA can be analyzed in both plasma and serum, we carried out the MDA analysis in the plasma, as described by Draper and Hadley (11) .
Plasma MDA levels were determined using thiobarbituric acid method. Absorbance of thiobarbituric acid-MDA complex was measured at 532 nm (Shimadzu UV-1061, Japan) (11) . Plasma MDA levels were determined as nmol/ml.
Erythrocyte GSH (reduced glutathione) quantifi cations
Erythrocytes are the most glutathione-rich tissue. Therefore, measurement of GSH in the erythrocytes will produce more reliable results than plasma GSH measurement (12). That's why GSH measurement was conducted in erythrocytes in our study. Erythrocytes were washed three in 1/5 serum physiologic. Erythrocyte GSH levels was determined according to Ellmann method (12) . Their absorbances were read against distilled water at 412 nm. The values were presented as mg/dl.
Serum glutathione peroxidase (GPx) analyses
GPx analyses were conducted according to ELISA colorimetric method using a Cayman trademark (Catalogue No: 703102) commercial kit. The detection range of the kit was between 50 and 344 nmol/min/ml. The absorbance of this reaction was measured at 340 nm. Results were expressed as nmol/ml.
Serum superoxide dismutase (SOD) analyses
SOD analyses were carried out in accordance with ELISA colorimetric method using a Cayman trademark (Catalogue No: 706002) commercial kit. The detection range of the kit was between 0.025 and 0.25 units/ml. The results were determined as U/ml.
Plasma lactate measurements
Plasma lactate levels were studied in TECHNICON RA-XT trademark autoanalyzer (Spinreact-make "Catalogue No: 703102" 5X10 ml packaged kit). The detection range of the kit was between 0.39 and 150 mg/dl. Plasma lactate levels were measured (by being read at 550 nm) as mg/dl.
Serum zinc quantifi cations
Analyses of serum zinc levels were carried out using the inductively coupled plasma emission spectrophotometry (ICP-AES; Varian Australia Pty LTD, Australia) atomic emission spectrophotometer found at the Department of Soil Science of Selcuk University, Faculty of Agriculture. Zinc levels were presented as μg/dl.
Statistical evaluations
The data were analyzed using SPSS 10.3 software package. Statistical evaluation of the results was conducted using computer package software. Arithmetic means and standard errors of all other data were calculated. Variance analysis was used to determine differences. The Least Signifi cant Difference Test ("LSD") was employed to determine the level of signifi cance of the data which were found different in the variance analysis and to compare group means Differences for which p<0.05 were accepted signifi cant. The results were expressed as ±standard deviation.
Results and discussion
The highest plasma MDA values were obtained in groups 7 (diabetic swimming group) and 8 (diabetes group). MDA values in groups 3 (zinc-supplemented diabetic control), 4 (swimming control) and 6 (zinc-supplemented diabetic swimming) were lower than those in groups 7 (diabetic swimming group) and 8 (diabetes group) (p<0.001). Groups 1 (general control), 2 (zinc-supplemented control) and 5 (zinc-supplemented swimming group) had the lowest MDA values (p<0.001) (Tab. 1). A comparison of GSH values between groups revealed that groups 5 (zinc-supplemented swimming group) and 6 (zinc-supplemented diabetic swimming) had the highest and groups 1 (general control), 7 (diabetic swimming) and 8 (diabetes) had the lowest GSH levels (p<0.001) (Tab. 1).
The highest GPx values were found in groups 2 (zinc-supplemented control), 5 (zinc-supplemented swimming) and 6 (zincsupplemented diabetic swimming) (p<0.001). Groups 1 (general control), 4 (swimming control), 7 (diabetic swimming) and 8 (diabetic control) had the lowest GPx levels (p<0.001) (Tab. 2). SOD values of the study groups are presented in Table 3 . Accordingly, the highest SOD values were obtained in groups 5 (zinc-supplemented swimming) and 6 (zinc-supplemented diabetic swimming) (p<0.001). Groups 1, 7 and 8 were observed to have the lowest SOD values (p<0.001) (Tab. 2).
When the groups were compared in terms of their plasma lactate values, it was established that groups 4 (swimming control) and 7 (diabetic swimming) had signifi cantly higher lactate values than all other groups (p<0.001). The lowest plasma lactate levels were found in groups 2 (zinc-supplemented control), 3 (zincsupplemented diabetic control) and 8 (diabetes group) (p<0.001, Graph 1). Among the study groups, groups 1 (general control), 2 (zinc-supplemented control) and 5 (zinc-supplemented swimming) were seen to have the highest serum zinc values, while groups 7 (diabetic swimming) and 8 (diabetes) had the lowest serum zinc levels (p<0.001, Graph 1).
It is known that lipid peroxidation signifi cantly increases in diabetic conditions (13, 14) . In this respect, high plasma MDA values we obtained in group 7 may be seen as an expected result and are in harmony with the results of the abovementioned researchers. However, group 7 is the group which was subjected to acute swimming exercise together with the inducement of diabetes. Despite confl icting data, it is generally accepted that physical exercise increases free radical formation (15) . Oxygen intake of the whole body during heavy exercise may get as high as 20 times of the resting level. However, there may a 200-fold increase in the oxygen consumption by active muscle fi bers (16) . The resulting mitochondrial metabolic leaks lead to a rise in free radical production (17) . High MDA values we found in group 7 in which diabetes was induced and which was subjected to acute swimming exercise are consistent with studies reported on this topic. In addition to being a chronic metabolic disorder, diabetes is also a condition of enhanced oxidative stress (18) . Elevated free radicals in diabetes interact with lipids, proteins and nucleic acids, and lead to a loss of membrane integrity, structural and functional modifi cations in proteins and genetic mutations (18) . High MDA levels we obtained in group 8 may be accepted as an expected result and the result we obtained lends support to the reports of researchers who argued that lipid peroxidation increased in diabetes (13, 14, 19) . It is very remarkable that group 3 (zinc-supplemented diabetic control) and group 6 (zinc-supplemented diabetic swimming) were found to have lower plasma MDA values than groups 7 and 8. The fact that low MDA values were obtained in groups 3 and 4, relative to groups 7 and 8, indicates that zinc supplementation curtailed the lipid peroxidation that was elevated both by diabetes and exercise. There is a growing body of evidence placing an emphasis on the antioxidant character of zinc (20) . Previous studies have demonstrated that dietary zinc defi ciency increases lipid peroxidation in rats (21, 22) . Additionally, it was also shown that elevated MDA levels in the tissues of zinc-defi cient rats were inhibited by zinc supplementation (23) . Results of the researchers cited above indicate that zinc is signifi cantly associated with the antioxidant system. A similar study with which we can compare the low MDA values we obtained in group 3 of our study is the one where Duzguner and Kaya (24) reported that the increased lipid peroxidation in diabetic rabbits subsided with zinc supplementation. The results of this study are important in that they support the low MDA values we found in group 3 (24) . The low MDA values we established in zinc-supplemented groups (groups 2 and 5) are in harmony with the results of studies which argue that zinc supplementation increases antioxidant capacity and prevents lipid peroxidation (20, 25) .
Many studies seem to concentrate on the relation between antioxidant activity and zinc in exercise (24, 26) . The report to the effect that zinc-defi cient diet inhibited the antioxidant system in trained rats subjected to swimming exercise (27) or the demonstration that zinc supplementation elevated the GSH levels which were inhibited in rats subjected to intense swimming exercise (28) lends support to increased GSH levels we found in group 5. GSH values in the zinc-supplemented diabetic swimming group (group 6) were lower than the levels in group 5 but higher than those in all the remaining groups. It can be argued that this fi nding we had in group 6 has resulted from zinc supplementation. That is because we found the lowest GSH values in the present study in the diabetic swimming group (group 7) and non-exercised diabetes group (group 8), which were not supplemented with zinc.
Many researchers reported that antioxidant activity was inhibited in diabetes (29, 30) . The reduced GSH values we found in groups 7 and 8 constitute an expected complication of diabetes. What needs to be underlined here is that zinc supplementation elevated the GSH values which were reduced by diabetes in the diabetic swimming group (group 6).
In our study, we obtained a similar fi nding in the zinc-supplemented diabetic control group (group 3), which had higher GSH levels than diabetic groups which were not supplemented with zinc (groups 7 and 8). The report to the effect that zinc supplementation restored the antioxidant activity which was inhibited in rabbits having diabetes induced by streptozotocin (24) is noteworthy in terms of the support it gives to our fi nding that zinc supplementation increased the GSH values which had been low in the diabetic group as a result of induced diabetes.
A majority of the studies exploring the relation between exercise, lipid peroxidation and antioxidant system have pointed out the increased lipid peroxidation and/or insuffi cient antioxidant activation in exercise (9, 16) . Decreased GPx values we obtained after swimming exercise in group 4 in particular are congruous with the results of researchers who reported an inhibition in antioxidant activity as a result of acute exercise. The fi nding of lowered GPx values in group 7 (diabetic swimming) and group 8 (diabetes) demonstrates that both acute exercise and diabetes can individually inhibit antioxidant activity. It can be claimed that the mechanism of how the antioxidant activity is affected in diabetes has been increasingly attracting attention (19) . A host of reports have been published to show the inhibition in GPx activity in diabetic patients and to recommend further research into this inhibition for the benefi t of treatment in diabetes (31, 32, 33) . The decreased GPx values we found in groups 7 and 8 are in harmony with the reports of researchers who argued that GPx parameter was inhibited in diabetes. In our study we found the highest GPx values in the zinc-supplemented swimming group (group 5). The report arguing that zinc supplementation inhibited (27) the lipid peroxidation that had increased as a result of physical exercise (15) is noteworthy with regard to the relation between zinc and antioxidant system. The most recent data indicate that zinc can assume important roles in the antioxidant mechanism (25) . The fact that we obtained the highest GPx values in the zinc-supplemented swimming group (group 5) demonstrates that lipid peroxidation that increases with exercise can be inhibited by zinc supplementation. Elevated GPx values we found in group 2 (zinc-supplemented control) is proof that a diet rich in zinc, per se, can result in the activation of the antioxidant system. High GPx values we obtained in the zincsupplemented diabetic swimming group are highly impressive. That is because many researchers have noted that GPx activity is suppressed in diabetic patients (31, 32, 33) . A total of 56 adult patients with type 2 diabetes mellitus were supplemented with 30 mg zinc gluconate daily for 6 months to examine the effect of zinc on the antioxidant system (34). Consequently, 6-month zinc supplementation to diabetic patients was found to lead to an increase in plasma zinc levels, decrease in lipid peroxidation, and rise in antioxidant activity (34) . Results of the concerned study not only demonstrate that zinc supplementation inhibits free radicals that are elevated in diabetes, but also is a strong endorsement of the high GPx values we found in group 6. It is to be emphasized that while Roussel et al (34) reported an increase in antioxidant activity with 6-month zinc supplementation, we obtained similar results in our study with 4-week zinc supplementation. This indicates that zinc can be effective in the antioxidant system in a relatively short time.
Zinc partakes in the structure of SOD and thus inhibits the free radical chain reaction (20, 25) . As a consequence of these functions, zinc makes membranes stronger against oxidative stress (35) . Considering that zinc takes part in the structure of SOD, high SOD levels found in the zinc-supplemented swimming group (group 5) can be interpreted as an expected result. As Shaheen and el-Fettah (23) reported, zinc-defi cient diet alone led to a signifi cant suppression in SOD levels and an increase in free radical formation in rat tissues. Cao and Chen (27) demonstrated in their study that zinc defi ciency inhibited SOD levels in mice and caused lipid peroxidation, whereas zinc supplementation increased SOD parameter and prevented lipid peroxidation. The latter is a striking example of the relationship between zinc and SOD. It complies with our result of elevated SOD levels we obtained in group 5. Should the interpretations of reports arguing that zinc-defi cient diet per se could inhibit SOD levels (23) and that zinc supplementation brought about an increase in SOD parameter (27) be combined, high SOD levels we obtained in the zinc-supplemented control group (group 2) are consistent with literature data. Elevated SOD levels we found in the zinc-supplemented diabetic swimming group (group 6) constitute a quite important result. One of the remarkable fi ndings of studies involving diabetic patients is the signifi cant impairment of SOD activity (36) . The result we obtained in group 6 indicates that SOD activity that is curbed in diabetes is restored by zinc supplementation. Likewise, we found the lowest SOD values in the diabetic group not supplemented with zinc (groups 7 and 8). The increase brought about by zinc in SOD values, which were reduced in diabetes, indicates that zinc supplementation alongside treatment may be signifi cant in diabetes. Likewise, a study in the same vein reported a signifi cant increase in SOD activity of diabetic patients supplemented with zinc (34) . Both facts demonstrate the importance of zinc supplementation in diabetes and support the high SOD level we found in the diabetic swimming group supplemented with zinc (group 6).
It was reported that diabetics experienced signifi cant functional impairments in their muscle contractility (37) . Impairments of calcium secretion in diabetes lead to dysfunctions in muscle contractions (38) , which in turn, caused faster onset of muscle exhaustion. As a matter of fact, the fi ndings of increased lactate levels found after exercise in diabetes (39) or signifi cant increases in lactate levels resulting from high-intensity exercise in diabetics (40) prove that muscle exhaustion occurs earlier in diabetes-exercise correlation. High lactate levels which we identifi ed in the diabetic swimming group are congruous with the reports cited above.
Elevated levels of lactate found in group 4 can be considered an expected result following acute and heavy exercise. What needs emphasis here is that lactate values were lower in group 4 compared to the diabetic swimming group (group 7). This result demonstrates that physical activity conducted under the same conditions and with the same intensity brought about a further increase in diabetics and led to earlier onset of muscle exhaustion. Lactate values of the zinc-supplemented diabetic swimming group (group 6) were signifi cantly lower than in group 4 (swimming control) and group 7 (diabetic swimming). This phenomenon shows us that zinc supplementation can reduce lactate production and delay exhaustion in rats with induced diabetes. Thus, the lactate parameter in the zinc-supplemented swimming group (group 5) was found to be lower than that in group 4 (swimming control), group 6 (zinc-supplemented diabetic swimming) and group 7 (diabetic swimming). This fi nding suggests that zinc supplementation can delay muscle exhaustion in physical activity. Similarly, a comparison of gastrocnemius muscles taken from rats fed on a zinc-supplemented diet and those of the controls revealed that the former got exhausted later than the latter (41) . In another study, where 12 professional football players were subjected to maximum exercise using an ergometer, it was shown that subjects generally had lower serum zinc levels after exercise and that those with low serum zinc levels had high plasma lactate levels (42) . This interesting piece of information may trigger research into the effects of zinc, an important trace element, on physiologic performance. An overall evaluation of the data above suggests that zinc can have highly signifi cant effects on muscle functions and can therefore delay muscle exhaustion. Accordingly, we have already shown in our previous study that zinc supplementation to rats subjected to swimming exercise has a protective effect on liver glycogen (43) .
It is known that there is a biochemical bond between zinc and insulin (24) . Besides, zinc plays a role in the regulation of insulin's effect (2) . Body zinc status in diabetic humans and animals is under serious risk due to its high rate of discharge through urine (2, 24) . Irreversible loss of zinc causes a decrease in insulin activity, and the resultant development of diabetes and its complications (3, 44) . Since urinary zinc loss is well-known, we did not determine zinc levels in urine.
Reduced zinc levels we found in diabetic swimming (group 7) and diabetes (group 8) groups result from diabetes and support the above cited studies reporting lowered zinc levels in diabetes. Swimming control group (group 4) had serum zinc levels higher than groups 7 (diabetic swimming) and 8 (diabetes), but lower than all other groups. This fi nding we obtained in group 4 indicates that acute swimming exercise signifi cantly suppresses serum zinc levels. It was argued that daily and regular exercise could be responsible for the impairment in zinc metabolism and that impairments in zinc metabolism as well as zinc loss could lead to muscle exhaustion and weakness (45) . Bordin et al (46) demonstrated that physical exercise led to re-distribution of zinc among body stores, blood and tissues, and the increased metabolism caused zinc defi ciency. Lower serum zinc levels that were found in group 4 subjected to acute swimming exercise, are consistent with literature data. The decrease in serum zinc levels following exercise may arise from two distinct events. The fi rst may be associated with modifi ed distribution of zinc from extracellular tis-sues to the liver, and the second with high urinary discharge (47) . Serum zinc levels in zinc-supplemented diabetic control (group 3) and zinc-supplemented diabetic swimming (group 6) groups were higher than in groups 4 (swimming control), 7 (diabetic swimming) and 8 (diabetes), but lower than all the remaining groups. This particular fi nding that we obtained in groups 3 and 6 is quite important, since the increase in urinary discharge of zinc in diabetes causes a serious zinc defi ciency (2, 24) while irreversible loss of zinc brings about diabetic complications (3, 44) . Thus, the fact that zinc levels which are known to decrease as a result of both. Acute exercise (45, 46) and diabetes (3, 44) were found to show a marked increase in zinc-supplemented diabetic groups (groups 3 and 6), relative to groups 4, 7 and 8, indicates the importance of zinc supplementation in association with exercise and diabetes. Several researchers showed that serum zinc values decreased after exercise (45, 46, 47) . Elevated levels of zinc we found in zinc-supplemented swimming group (group 5) point out the signifi cance of zinc supplementation in association with exercise. Bordin et al (46) who demonstrated that physical exercise caused re-distribution of zinc among body stores, blood and tissues and that increased metabolism led to zinc defi ciency concluded that these indicators entailed zinc supplementation. Reports of the cited researchers point out the importance of zinc supplementation in association with exercise.
Results obtained from the study indicate that the increase in free radical formation, suppression of antioxidant activity and muscle exhaustion that occur in diabetes and as a result of acute exercise can be prevented by zinc supplementation. Zinc supplementation may contribute to health and performance in diabetes and in association with acute exercise.
